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ABSTRACT 



A stent for placement within a body lumen and com- 
prising a wall structure wherein at least a portion 
thereof is a hollow wall. The hollow wall has disposed 
therein a hydrophilic material which can be in the form 
of a gel, for example, which swells upon introduction of 
a liquid into the hollow wall to thereby achieve inflation 
thereof. The hollow wall is fabricated of a semi-permea- 
ble membrane whereby fluid from tissues surrounding 
the stent at the site of placement can pass through the 
membrane and swell the hydrophilic material to 
thereby inflate the hollow wall. A drug can be disposed 
with the hydrophilic material for release through the 
membrane at the site of stent placement The entire wall 
structure of the stent can be a hollow wall, or the wall 
structure can incorporate both hollow and non-hollow 
wall portions such as hollow and solid fibers which are 
braided, woven or wound together. 

12 CUUms, 1 Drawing Sheet 




12/15/2003, EAST Version: 1.4.1 



U.S. Patent 



Aug. 10, 1993 



5,234,456 




12/15/2003, EAST Version: 1.4.1 



5,234,- 

1 

HYDROPHnJC STEKT 

This is a continuation of application Ser. No. 477*264, 
filed n Feb. 8, 1990, now ^andoned. 5 

BACKGROUND OF THE INVENTION 

This invention relates generally to stents employed to 
maintain in an open configuration a body lumen such as 
a duct or vessel, and in particular to a stent having a 10 
hollow and inflatable wall. 

The employment of stents to maintain otherwise 
closed or occluded body lumens such as ducts or ves- 
sels, for example, in an open configuration is a well- 
recognized treatment procedure. Current commonly 15 
used stents include self-expanding stents as described in 
U.S. Pat. No. 4,655,771, for example, and stents which 
are expanded at the lumen site by a balloon which is 
inflated within the stent. In either case, the stents are 
usually constructed of metal, and therefore generally 20 
possess a degree of stiffness and a minimal pliability. 

It is therefore a primary object of the present inven- 
tion to provide a stent having a wall which is soft and 
pliable upon insertion, but which has the capability to 
provide the proper magnitude of stiffness and rigidity 25 
after placement at the site of treatment. Another object 
of the present invention is to provide such a stent 
wherein at least a portion of its wall structure is a hol- 
low and inflatable wall fabricated of a semi-permeable 
membrane. Yet another object of the present invention 30 
is to provide such a stent wherein the hollow wall has 
disposed therein a hydrophilic material capable of ab- 
sorbing a liquid to thereby increase the volume of the 
material and consequently inflate the wall. Still another 
object of the present invention is to provide such a stent 35 
wherein the hydrophilic material has therewith a drug. 
These and other objects of the invention will become 
apparent throughout the following description. 

SUMMARY OF THE INVENTION 4^ 

The present invention is a stent for placement within 
a body lumen and comprising a wall structure wherein 
at least a portion thereof is a hollow wall. The hollow 
wall has disposed therein a hydrophilic material which 
can be in the form of a gel, for example, which swells 45 
upon introduction of a liquid into the hollow wall to 
thereby achieve inflation thereof. The hollow wall with 
hydrophilic material therein is fabricated of a semi- 
permeable membrane whereby fluid from tissues sur- 
rounding the stent at the site of placement can pass 50 
through the membrane and swell the hydrophilic mate- 
rial to thereby inflate the wall. A therapeutic drug can 
be included with the hydrophilic material for release 
through the membrane at the site of stent placement. 
Examples of body lumens wherein a stent of the present 55 
invention can be employed include, but are not neces- 
sarily limited to, arteries, veins, urethral and ureteral 
ducts, biliary, hepatic and pancreatic ducts, bronchial, 
esophageal and bowel sections, sperm and fallopian 
ducts, eustachian tubes and lacrimal ducts. The entire 60 
wall structure of the stent can be a hollow wall, or the 
wall structure can incorporate both hollow and non- 
hollow portions such as hollow and solid flbers which 
are held together by being braided, woven or woimd 
together. 65 

The present invention provides a stent which, when 
placed and subsequentiy inflated, supports a lumen, yet, 
because the stent can be delivered to its site in a non- 



2 

inflated configuration, also provides consequent com- 
pact size during delivery to enhance placement within a 
lumen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Presently preferred embodiments of the invention are 
illustrated in the accompanying drawings in which: 

FIG. 1 is a perspective view of a tubular stent, par- 
tiaUy in section, whose entire wall structure is a hollow 
wall comprising an inflatable balloon; 

FIG. 2 is an elevation view of a second embodiment 
of a tubular stent» partially in section, whose entire wall 
structure is a hollow wall comprising braided inflatable 
flbers; 

FIG. 3 is an elevation view of a third embodiment of 
a tubular stent, partially in section, whose wall structure 
comprises a hollow wall portion of inflatable flbers and 
a solid wall portion of solid flbers, with both hollow and 
solid flbers braided together; and 

FIG. 4 is a perspective view of a fourth embodiment 
of a stent, partially in section, whose entire wall struc- 
ture is a hollow wall comprising an inflatable spiral. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a tubular stent 10 for placement 
within a body lumen is illustrated. The entire wall struc- 
ture of the stent 10 is a hollow and inflatable wall 12 
comprising a balloon 18 h aving a plurality of radia l 
openings 16 therethrou g.h J:f> .fjftcilita^cutissue-inRrowth 
when the stent 10 is in place within a body lu men. The 
wall 12 is fabricated of a semi-permeable membrane 
whose construction is exemplifled by polymers that can 
be formed into semi-permeable membranes as known in 
the art and capable of withstanding suitable inflation 
pressure. Non-limiting examples include polyamides, 
polyesters, polyurethanes, and ethylene vinyl alcohol. 
The stent 10 has disposed within its hollow wall 12 a 
hydrophilic material 32 which is capable of absorbing 
or attracting a liquid via osmotic dilution to thereby 
increase the volume of or pressure exerted by materi^ 
32. This hydrophilic material 32 can be any bio-compat- 
ible agent that will drive an osmotic pressure. Examples 
include, but are not limited to, inorganic salts, organic 
salts, sugars, poly saccharides, polymeric hydrogels, or 
amphoteric molecules. One preferred material is a hy- 
drogel such as polyvinyl alcohol. 

In use, the stent 10 is first positioned in a non-inflated 
state at the desired site within the body lumen by usual 
and appropriate delivery means such as an appropriate- 
ly-sized catheter (not shown). This position is main- 
tained by the delivery means at the ^te of desired place- 
ment for a period of time sufficient to permit the diffu- 
sion of an adequate amount of surrounding tissue fluids 
into the wall 12 to thereby swell the hydrophilic mate- 
rial 32 and inflate the stent 10 so that it independently 
remains in place by impinging on the interior lumen 
wall. Of course, the semi-permeable membrane em- 
ployed to fabricate the wall 12 must be of sufficient 
strength to resist rupture from the pressure there within 
created by the expanded hydrophilic material. In- 
gr owth of tissue..g MenUiaUv»ocGugsahrQugh the-radial 
openings J6 . 

The stent 10 can also be employed as a time-release 
drug delivery device. In particular, a drug can be dis- 
posed with the hydrophilic material 32, either as a sepa- 
rate component or blended therewith. The drug then 
will be released into the surrounding tissues through the 
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scmi-permeable membrane over a period of time. Of expanded hydrophilic material. Tissue iugiowtJreecars* 
course, the drug so included is provided in an appropri- through the radial openingg ,^!^ 
ate concentration, and may be with a carrier as neccs- ' One manner of constructing the stents 20, here de- 
sary, to achieve the release rate desired. Additionally, scribed can be employment of solvent casting tech- 
the molecular weight f the drug should be 1 wer than 5 niques as known in tiie art. Thus, for example, an appro- 
that of the hydrophilic material One example of such a priately-shapcd die is provided whereby a solution of a 
drug is piroxicam, commercially available as Feldene, polymer is pumped from one portion of the die to form 
manufactured by Pfizer Inc., New York, N.Y., present a hoUow wall. Simultaneously, a hydrophilic nuterial 
in an amount of about 20 to 500 mg per stent. The drug such as a gel is pumped from another portion of the die 
can be a separate component, or it can be included 10 central to the polymer solution. When the polymer 
within the hydrophilic material by mixing it with or solution and gel reach a coagulation bath provided in 
dissolving it into a solution of the hydrophilic material such solvent casting, the gel is surrounded by the poly* 
32 for subsequent timed*release from the stent 10 for mer as the structure becomes set Alternatively, of 
therapeutic efficacy. Of course, different drugs can be course, the gel can be added under pressure into a 
employed for different stent applications. Non-limiting 15 length of fiber after which the fiber end is sealed, 
examples of such drugs include and-thrombic drugs for FIG. 4 illustrates a fourth embodiment of a stent 50 
cardiovascular applications, anti-calcification drugs for whose entire wall structure is a hollow wall 52. In par- 
urinary treatment, and anti-inflammatory or growth ticular, the stent 50 has a hollow and inflatable wall 52 
suppressing drugs for suppression of biologic response comprising a balloon 54 having a spiral configuration 
to stenting or balloon angioplasty. 20 when inflated as shown, yet can be delivered to a site 

The stent 10 can be constructed by providing two within a lumen in a non-inflated, straightened configu* 
concentric tubular membranes whereby the inner sur- ration. As with the stents described in FIOS. 1-4, the 
face of the outer membrane and the outer surface of the wall 52 of the stent 50 is fabricated of a semi-permeable 
inner membrane defme the inner wall surfaces of the membrane whose construction is exemplified by poly- 
hollow structure. Gel is introduced between the two 25 mers that can be formed into semi-permeable mem- 
membranes, after which a membrane sealing process as branes as known in the art. Non-limiting examples like- 
known in the art seals the ends of the stent 10 and con- wise include polyamides, polyesters, polyurethanes, and 
currently cuts and seals the radial openings 16. ethylene vinyl alcohol. The wall 52 has disposed therein 

FIG. 2 illustrates a second embodiment of a tubular a hydrophilic material, as described above in relation to 
stent 20 for placement within a body lumen. The entire 30 FIG. 1, which is capable of absorbing a liquid to 
wall structure of the stent 20 is a hollow and inflatable thereby increase the volume of the material and accom- 
wall 24 comprising a plurality of braided hollow fibers plish inflation. At least a portion of the wall 52 can be 
26. While substantially the entire wall structure can reinforced with a fiber reinforcement 56 such as a poly- 
comprise a plurality of braided hollow fibers 26 as ester, nylon, or polypropylene, and preferably a polycs- 
shown in FIG. 2, a tubular stent 40 as illustrated in FIG. 35 ter. One manner of providing the reinforcement 56 to 
3 can be constructed so that only a portion of the wall the wall 52 during manufacture is to braid fibers around 
44 comprises hollow fibers 26. Thus the hollow fibers 26 the structure and then apply an overcoat of the semi- 
of the stent 40 are braided with solid fibers 28. A plural- permeable membrane. Such reinforcement, of course, 
ity of radial openings 29 extend through the respective provides a greater strength to the stent 50. 
walls 24, 44 to facilitate tissue ingrowth when a stent 20, 40 The hollow wall 52 has disposed therein a hydro- 
40 is in place within a body lumen. As with the balloon philic material, and the stent 50 is positioned as de- 
18 of the stent 10 shown in FIG. 1, the hollow fibers 26 scribed above in relation to FIGS. 1-3 at its desired site 
of the stent 20, 40 are fabricated of a semi-permeable within the lumen. This position is maintained by the 
membrane whose construction is exemplified by poly- delivery means at the site of desired placement for a 
mers that can be formed into semi-permeable mem- 45 period of time sufficient to permit the diffusion of an 
branes as known in the art. Non-limiting examples like- adequate amount of surrounding tissue fluids into the 
wise include polyamides, polyesters, polyurethanes, and wall 52 to thereby swell the hydrophilic material and 
ethylene vinyl alcohol. The hollow fibers 26 have dis- inflate the stent 50 so that it assumes its spiral configura- 
posed therein a hydrophilic material, as described above tion and independently remains in place by impinging 
in relation to FIG. 1, which is capable of absorbing a 50 on the interior lumen wall Of course, the semi-permea- 
liquid to thereby increase the volume of the material ble membrane employed to fabricate the inflatable wall 
and accomplish its inflation of the fibers 26. Also, as 52 must be of sufficient strength to resist rupture from 
earlier described, the hydrophilic material can have the pressure there within created by the expanded hy- 
therewith a drug which will be released into the sur- drophilic material. 

rounding tissues through the semi-permeable membrane 55 llie stent 50 shown in FIG. 4 can also be employed as 
of the fibers 26 over a period of time. a time-release drug delivery device. In pardcdar, a 

The stent 20, 40 is positioned as described above in drug can be disposed with Uie hydrophilic material as 
relation to FIG. 1 at its desired site within the lumen. described above within the wall 52, and will be released 
Likewise, this position is maintained by the delivery into the surrounding tissues through the semi-permeable 
means at the site of desired placement for a period of 60 wall structure over a period of time, 
time sufficient to permit the diffusion of an adequate While illustrative and presently preferred embodi- 
amount of surrounding tissue fluids into the fibers 26 to ments of the invention have been described in detail 
thereby swell the hydrophilic material and inflate the herein, it is to be understood that the inventive concepts 
stent 20, 40 so that it independently remains in place by may be otherwise variously embodied and employed 
impinging on the interior lumen wall. Of course, the 65 and that the appended claims are intended to be con- 
semi-permeable membrane employed to fabricate the strued to include such variations except insofar as lim- 
hollow fibers 26 must be of sufficient strength to resist ited by the prior art. 
rupture from the pressure there within created by the What is claimed is: 
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1. A stent for placement within a body lumen. The 
stent comprising a wall structure wherein at least a 
portion thereof is a closed hollow wall having a plural- 
ity of radial openings therethrough, fabricated from a 
semi-permeable membrane, and wherein the hollow 
wall has disposed therein a hydrophilic material capable 
of absorbing a liquid to thereby increase the volume of 
said material. 

2. A stent as claimed in claim 1 wherein the hydro* 
philic material is a gel. 

3. A stent as claimed in claim 1 wherein the configu- 
ration thereof is tubular. 

4. A stent as claimed in claim 3 wherein the stent is a 
balloon. 

5. A stent as claimed in claim 1 wherein the hydro- 
philic material has disposed therewith a drug. 

6. A stent for placement within a body lumen, the 
stent comprising a wall structure wherein at least a 
portion thereof is a hollow wall fabricated from hollow 
closed fibers which are constructed of semi-permeable 20 
membranes and held together by being braided» woven 

or wound together, and wherein the hollow fibers have 
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15 



disposed therem a hydrophilic materj'^ capable of ab- 
sorbing a liquid to thereby increase the volume of said 
material. 

7. A stent as claimed in claim 6 wherein the hydro- 
philic material is a gd. 

8. A stent as claimed in claim 6 wherein the hydro- 
philic material has disposed therewith a drug. 

9. A stent for placement within a body lumen, the 
stent having a spiral configuration when inflated and 
comprising a wall structure wherein at least a portion 
thereof is a closed hollow wall, fabricated from a semi- 
permeable membrane, and wherein the hollow wall has 
disposed therein a hydrophilic material capable of ab- 
sorbing a liquid to thereby increase the volume of said 
material. 

10. A stent as claimed in claim 9 wherein the hydro- 
philic material has disposed therewith a drug. 

11. A stent as claimed in claim 9 wherein at least a 
portion of the hollow waU is reinforced. 

12. A stent as claimed in claim 9 wherein the stent is 
a balloon. 

* * « « « 
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